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                \begin{document}$$\mathrm{Z}$$\end{document}$). All couplings involving only bosons without electric charge are expected to be null at tree level, leading to the absence of triple gauge couplings for $\documentclass[12pt]{minimal}
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CMS detector {#Sec2}
============

The central feature of the CMS apparatus is a superconducting solenoid of 6$\documentclass[12pt]{minimal}
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A more detailed description of the CMS detector, together with a definition of the coordinate system used and the relevant kinematic variables, can be found in Ref. \[[@CR12]\].

Simulation {#Sec3}
==========
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Simulated samples of the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{Z}\mathrm{Z}\rightarrow 2\mathrm{l} 2\nu $$\end{document}$ process that include contributions from ATGCs (see Sect. [8](#Sec19){ref-type="sec"}) are produced using the LO generator [sherpa]{.smallcaps}  \[[@CR17]\]. These samples are based on a LO matrix-element simulation including up to two additional jets, matched to parton showers.

The parton distribution functions (PDF) are modeled with the CTEQ6L \[[@CR18]\] parametrization in samples generated with [MadGraph]{.smallcaps}, and the CT10 parametrization \[[@CR19]\] in samples generated with [powheg]{.smallcaps} and [sherpa]{.smallcaps}. The detector response to the simulated events is modeled with [Geant4]{.smallcaps}  \[[@CR12], [@CR20]\].

Event selection {#Sec4}
===============
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Events are selected using triggers that require the presence of two electrons or two muons, with minimum $\documentclass[12pt]{minimal}
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Electrons are selected inside the fiducial region of ECAL. The electron candidates must have a minimum $\documentclass[12pt]{minimal}
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Events are selected if they include a pair of same-flavor, oppositely charged leptons that pass the identification and isolation criteria. In order to suppress backgrounds that do not include a $\documentclass[12pt]{minimal}
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Background estimation {#Sec5}
=====================
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Only photons in the barrel region are used because the purity and resolution are better than in other regions. Following Ref. \[[@CR1]\], the selection of photon events is based on shower shape, isolation in the tracker, and energy deposits in ECAL, and HCAL. After this selection, several processes with instrumental $\documentclass[12pt]{minimal}
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Systematic uncertainties {#Sec6}
========================

Different sources of systematic uncertainty are associated with the expected yields and distributions of signal and background processes and of the data. The uncertainties reported in the following paragraphs affect the final event yields of the relevant processes.

Statistical uncertainty of the simulated and control samples {#Sec7}
------------------------------------------------------------
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Acceptance {#Sec9}
----------

The kinematic acceptance for the signal is computed using [mcfm]{.smallcaps}. Kinematic requirements, based on those used in the signal selection, are applied to the charged leptons and neutrinos at the generator level. The acceptance is determined by comparing the cross sections with and without the kinematic requirements. The systematic uncertainty is evaluated as the variation in the acceptance resulting from varying the renormalization and factorization scales from $\documentclass[12pt]{minimal}
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Luminosity {#Sec10}
----------

The uncertainty in the luminosity measurement is 2.2 % in 2011, and 2.6 % in 2012 \[[@CR34]\].

Lepton trigger and identification efficiency {#Sec11}
--------------------------------------------

Lepton trigger and identification efficiencies are determined from data, using the tag-and-probe technique with $\documentclass[12pt]{minimal}
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Lepton momentum scale {#Sec12}
---------------------

The systematic uncertainty in the lepton momentum scale is computed by shifting the nominal momenta by $\documentclass[12pt]{minimal}
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Jet energy scale and resolution {#Sec13}
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Similarly, a systematic uncertainty in jet energy resolution (JER) is computed. As explained above, the energy of jets in simulation is corrected to reproduce the resolution observed in data. Such corrections are varied according to their uncertainties and these variations are propagated to all the observables and selections dependent on jet energy. An uncertainty in the final yields of less than 1 % is found in both $\documentclass[12pt]{minimal}
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Since the shapes of the distributions are expected to be affected by variations in the JES and the JER, these sources are treated as shape uncertainties in the extraction of the cross section.
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Drell--Yan {#Sec16}
----------

The uncertainty in the DY contribution is propagated from the uncertainty in the reweighted photon spectrum that is used in the estimate of DY background from data, and is dominated by the subtraction of backgrounds due to EW processes. As explained in Sect. [5](#Sec5){ref-type="sec"}, the DY background estimate is assigned an uncertainty of 25 % (40 %) at 7 (8)$\documentclass[12pt]{minimal}
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The uncertainty in the estimate of the NRB is derived from the statistical uncertainties in the scale factors in Eq. ([1](#Equ1){ref-type=""}), and from a closure test of the data-driven method for the measurement of this background performed on simulated data. It is found to be about 20 % at both 7 and 8$\documentclass[12pt]{minimal}
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Anomalous couplings {#Sec19}
===================

The existence of neutral trilinear gauge couplings is forbidden at the tree level, but allowed in some extensions of the SM \[[@CR38]\]. The $\documentclass[12pt]{minimal}
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The limits are calculated with a profile likelihood method. We set one-dimensional limits on the four parameters, i.e. varying independently a single parameter at a time, while fixing the other three to zero. The 95 % CL one-dimensional limits on the four parameters are reported in Table [5](#Tab5){ref-type="table"} for 7$\documentclass[12pt]{minimal}
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We proceed with the combination of the results of the previously published $\documentclass[12pt]{minimal}
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